Measurements of the first order Raman spectrum in natural type Ila diamond for the temperature range of 293 K to 1850 K are presented. Both the Stokes and anti-Stokes components are analyzed for their intensity, Raman shift, and width variation with temperature. Optical pyrometry was used to make the temperature measurements, the results of which were independently confirmed by the Stokes to anti-Stokes intensity ratios. The shift and width variations with temperature are in general agreement with the molecular dynamics simulation of C. Z. Wang, C. T. Chan, and K. M. Ho whys. Rev. B, to be published)-, Heating of the samples to temperatures as high as 1850 K in vacuo could be pefo-r--ef-withodt any evience of polymorphic conversion to graphite, also in agreement with previous investigations. ,Our experimental first order Raman shifts, using units of cm -' and absolute temperature, are conveniently exprq'ssed as Av = aI7 2 + a 2 T + a 3 with the coefficients found to be --1.075 x 10 -' cm-K -', -0.00777 cm-' IC, and 1'334.5 cm-, respectively. 
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I. Introduction
The room temperature Raman spectrum of natural diamond was measured by Robertson and Fox', and Ramaswamy 2 in 1930, within two years of the discovery of the Raman effect 3 . It is well known that the lattice dynamics that give rise to the Raman effect also determine the thermal properties such as the specific heat and thermal conductivity 4 . There has been a great deal of interest in the thermal properties of diamond, as diamond is superior in this respect to most materials and chemically inert in air at temperatures below approximately 700 K 5 . The recent success in synthesizing diamond films from the vapor phase 6 -8 has opened up a wide range of applications that include the integration of diamond into high power microelectronics 9 and the use of diamond in infrared optics 1 ". Understanding phonon behavior related to the anharmonic effects in the bonding between carbon atoms in diamond at high temperatures is of fundamental importance to the understanding of the high temperature properties of diamond and diamond films.
Despite the great interest in diamond and particularly in diamond films as an industrial material, there are no theories based on first principles that can accurately predict the thermal properties of diamond over a wide range of conditions. This is in part due to the limited knowledge that we have of the shape of the interatomic potential between carbon atoms in the diamond lattice. Semi-empirical model potentials have been employed in the past in molecular mechanics simulations, and have been used to predict the bulk behavior of diamond at room temperatures" -3 . An extension of this approach to higher temperatures is desirable. Furthermore, the ability to accurately predict the behavior of the first and counter, set to discriminate against low energy dark noise pulses, accumulated the counts.
Background signal subtraction was essential in order to discriminate between the inelastically scattered light and intrinsic thermal radiation from the diamond sample at the high temperatures. We employed a dual channel detection scheme, with one channel gated such that it detected scattered light coincident with the chopped laser pulse, and the second channel gated to detect background light while the laser was blocked by the mechanical chopper. The experimental approach taken here was similar to that of Nemanich. et a1 2 3 .
who studied the Raman spectrum of silicon near the melting point.
The diamond sample was sandwiched between two electrically heated tungsten ribbons and was free to thermally expand, as shown in the insert to Fig. 1 . With this geometry, the diamond was nearly completely surrounded by the tungsten filaments, and would come to thermal equilibrium with the filament through radiant energy exchange. The tungsten temperature was measured by optical pyrometry, with a Pyro Micro Model 85 disappearing filament pyrometer, making appropriate correction for the tungsten emissivity24 . In order to verify that the diamond was in thermal equilibrium with the tungsten filaments. its temperature was independently determined from the Stokes to anti-Stokes component intensity ratios. as discussed in Section III. The diamond sample and filament heaters were placed within a specially designed high vacuum chamber with optical access. The chamber pressure during runs was maintained below 10' torr thereby preventing contamination due to oxidation or premature graphitization of the diamond sample. Potential contamination was 
III. Results and Discussion
Typical Stokes and anti-Stokes first order Raman spectra of diamond at a temperature (1)
6-
Here w, is the phonon frequency, wt is the line center frequency of the laser excitation source,
T is the sample temperature measured by optical pyrometry, and h and k are the Planck and Boltzmann constants. The proportionality constant in equations (1) and (2) with the coefficients found to be -1.075 x 10 -cm -1 K -2 , -0.00777 cm -1 K -1 , and 1334.5 cm -1 , respectively with a standard deviation of 3.6 x 10 -7 , 7 x 10 -', and 0.3.
respectively. This simple functional form is significantly different from that originally proposed by Viswanathan 16 , as it was found that that function failed to adequately describe the behavior at lower temperatures.
The variation in the fullwidth at half maximum intensity (FWHM) with temperature is shown in Fig. 6 . Also shown for comparison is the experimental data of Krishnan 2 1 and the theoretical predictions of Wang, et al' 4 . The spectral lineshapes were found to be well represented by a Voigt function. The Lorentzian Raman scattered contribution to the lineshape was found by deconvolving the Gaussian instrument broadening from the actual spectra.
The instrument broadening contribution to the measured spectra was Gaussian in shape.
-8-with a FWHM of 3.7 cm -1 and 4.7 cm -1 for the Stokes and anti-Stokes lines, respectively.
As can be seen from Fig. 6 , our results are in excellent agreement with the previous measurements of Krishnan 2 1 . Furthermore, the experimental results are in overall agreement with the predictions of Wang, et al' 4 , particularly at the lower temperatures (< 1000 K) and higher temperatures (> 1500 K) investigated here. There is some discrepancy between theory and our data at temperatures between 1000 K and 1500 K.
No evidence of graphitization was observed at the highest temperatures studied (1850 IK), consistent with other observations 19 ' 20 . Our experiments described here were limited to temperatures below 1850 K, primarily a result of high levels of background thermal radiation. We are now modifying the facility to employ a high repetition rate diode pumped Nd:YLF laser excitation 28 (2 kHz, 10 ns pulse duration), which would increase our signal to background interference ratio substantially and would allow us to explore the temperature range above 1850 K.
IV. Summary
We have presented experimental results describing the temperature variation in the first order Raman spectrum of diamond. The observed broadening and shifting of the Stokes and anti-Stokes components arising from thermal expansion and anharmonic coupling is in general agreement with recent theoretical predictions of Wang. et al' 4 . Further investigation is now in progress, to explore the temperature range above 1850 K, where the measured shifts appear to be deviating substantially from those predicted. 
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